According to the U.S. Environmental Agency, the number of boilers in the U.S. devoted to the production of steam, electricity, and heat is approximately 1.5 million. This study will focus on major source boilers burning natural gas, coal, wood, oil, or other fuels to recover thermal energy in the form of steam or hot water to produce electricity or heat. The focus of this research paper will be to assess the compliance status of the boilers which were in the original EPA major source Boiler MACT group to provide insight into the current operating status of these boiler units.
CIBO Boiler MACT Project Overview
The original EPA major source Boiler MACT regulated the HAPs by controlling the emission from the combustion of three major fuel types, coal, biomass, and liquid (EPA, 2017) . The final rule issued on November 20, 2015 adopted "work practices" achieved by the best emissions performers in the industry between the startup and shutdown of boilers. It required boilers be equipped with any possible control devices to meet the MACT standards within 4 hours after startup of producing useful energy. In addition, the first burning of coal fuel, biomass fuel, heavy liquid fuel and other gases (gas 2) within 1 hour must be accompanied by the particulate matter (PM) control. A written startup and shutdown plan (SSP) should be provided for any public inspection (National Emission Standards for Hazardous Air Pollutants for Major Sources: Industrial, Commercial, and Institutional Boilers and Process Heaters; Final Rule., 2015) .
The primary focus of the project referenced in this research paper was to assess the compliance status of the boilers which were in the original EPA major source Boiler MACT with emission limits that could require control or conversion to other fuels. In this case, this amounted to 1,742 units. The EPA's database was searched and a survey via emails or phone calls was undertaken for these 1,742 individual units during the fourth quarter of year 2015. The total response rate from this effort was 39 percent, approximately 671 units. Eighty percent of the boiler respondents were affiliated with the Council of Industrial Boiler Owners (CIBO), a broad-based trade association with a mission of maintaining the competitiveness of the nation's economy by ensuring the safety, cost-efficiency and reliability of energy from non-utility industrial, commercial and institutional energy producers. Its members are mostly from manufacturers and suppliers of boilers, firing equipment, gas clean-up systems, and related products and services (CIBO, 2016).
Main Findings Overview
According to the survey results, natural gas turned out to be the primary type of fuel burned by most boilers after achieving Boiler MACT compliance. This represented approximately 76 percent of the responding boiler systems. In retrospect, when comparing this result to the original EPA boiler units, natural gas did not exist as a fuel sub-category at that point in time. Coal was the second largest fuel type used by 14 percent of the boiler units. Among all the replies received, approximately seven percent of the units reported that they recently had made a change in the type of fuel being used.
Project Description

Data Collection
The original 1,742 EPA major source Boiler MACT units were contacted and asked specific information about the current status of their boilers. The survey content was shown in Appendix A, which can be categorized into three areas: (1) Basic information about the company, including company name, address, manager's name and contact information; (2) Basic information about the boiler, including the type of boiler, capacity and operating hours, fuel type, combustor design, and the type facility; (3) Compliance operations, including their active or decommissioned status, any fuel type changes, and the addition of HAP control devices. The survey results were compiled into an Excel spreadsheet database for further analysis. The physical location distribution of facilities responded to our survey was listed in Appendix C. As our survey only got responses from 30 states, the analysis results might be biased if seeing as a nationwide picture.
Data Analysis
The major area boilers are generally subcategorized in four aspects: boiler combustion design type, type of fuel burned, new or existing units with and without limited use and boiler size/capacity. Here are some definitions that should be clarified. The new or existing boilers differed by a certain construction date. The new units were built after June 4, 2010. Any units built before June 4, 2010 were seen as the existing units. ''Limited-use units'' are those operating 10% of their full annual capacity or 30% of their one-third full annual capacity. Boilers were characterized into large source units or small sources according to their capacity. The large source units would have a heat input capacity no less than 10 million British thermal units per hour (mmbtu/hr) and the small source units would have a heat input capacity no larger than 10 mmbtu/hr (EPA, 2017). To make a compliance with the major source Boiler MACT, facility owners/ operators have to assess the air pollution effects of the type of combustion design of their boilers and consider about redesign if the current technology cannot help meet the major source Boiler MACT standards. 
Utility Analysis
The utility analysis was directed at the 131 active non-CIBO boilers since, as mentioned earlier, CIBO members are non-utility facilities. The survey indicated that 11 facilities were part of a utility (or 16.9%), 5 facilities were part of an independent power producer (IPP) (or 7.7%), 12 facilities were part of an industrial facility (or 18.5%), and 3 facilities were part of a municipal facility (or 4.6%). The other 28 facilities were categorized as "Miscellaneous", which were listed in the column entries as "Institutional Non-profit Utility", "Piedmont Natural Control devices might be added to limit certain type of air toxics so as to comply with the major source Boiler MACT (National Emission Standards for Hazardous Air Pollutants for Major Sources: Industrial, Commercial, and Institutional Boilers and Process Heaters; Final Rule., 2015). When asked about the addition of control devices in the last five years (this question only applies for "Non-CIBO" member boilers), 93 responses out of the 131 active boilers responded to this item. The majority (92.5%) of the units indicated that they did not add any control devices during that time period. Five units indicated that they added control devices to comply with the MACT standards: (1) two responded that they had added "dry sorbent injection control devices", (2) one indicated the addition of a "dry ESP (Electrostatic Precipitator) control device", (3) indicated the addition of a "continuous O2 trim control device", and (4) one indicated the addition of a "combustion control device". The remaining two indicated "N/A" as a response to this question. (See Figure 5) . 
Operational Change Analysis
This project also surveyed the operating conditions of these 671 boilers that responded to this study's data collection efforts. In the last five years, 100 out of the 671 responding units have been decommissioned (approximately 14.9% of the total responses) to meet the major source Boiler MACT rules. In another perspective, major source boilers could merge themselves to area boilers by decreasing operations so as to get rid of the major source Boiler MACT rules (EPA, 2016) . From our survey, 522 out of the 571 active boilers indicated that no operation changes occurred during that time period. Six indicated that they were new boilers.
One indicated an "increase in operation" and two indicated a "decrease in operation". Finally, 40 units reported having a change in type of fuel being used.
The current Boiler MACT compliance date was January 31, 2016, which could be extended to January 31, 2017, in a case-by-case condition (National Emission Standards for Hazardous Air Pollutants for Major Sources: Industrial, Commercial, and Institutional Boilers and Process Heaters; Final Rule., 2015). When the "Non-CIBO" member boilers were asked the question, "Has a one-year compliance extension been obtained for their unit(s)", 103 responses were received out of the 131 "Non-CIBO" companies. Most units indicated a "No" result. Approximately 11% responded "Yes" and one indicated that the "boiler was operating under 112 (j) case by case MACT".
Conclusion
Project Summary
From the data analysis above, approximately 15% of the total responding units have been decommissioned over the last five years. For the remaining 85% active boilers, natural gas turned out to be the most popular type of fuel, followed by coal. Among all the active units, only about 7% of the units indicated a fuel change and the majority of the boilers did not make any operational changes in recent years.
U.S. Boiler Future Development Trends
EPA issued the final revisions of Boiler MACT on November 5, 2015, to limit air pollutant emissions from industrial, commercial, and institutional boilers and process heaters (EPA, 2016) . The type of fuel for the boilers affected by the new MACT standards are contained in four categories: (1) coal (including coal refuse, petroleum coke, or synthetic fuels derived from coal), (2) oil or other liquid fuel, (3) biomass, and (4) non-waste materials.6 With more and more attention on air emission control through government regulation, some boilers will experience decommissioning in the future and others might have to perform operational changes in order to meet the MACT standards, such as fuel changes, decreasing operations, combustor redesign, etc. 
